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Forming intentions successfully: Differential compensational
mechanisms of adolescents and old adults
Abstract
INTRODUCTION: Forming an intention is a key aspect of prospective memory, i.e., the ability to
encode, retain, and later realize an intention with a delay of minutes, hours or days. Behavioural and
neurophysiological findings from both prospective and retrospective memory research suggest that the
efficiency of encoding processes is reduced at both ends of the lifespan and that neural generators
underlying successful encoding might differ in childhood and old age. Hence, the present study
investigates compensational neural mechanisms during the encoding of intentions in adolescents and old
adults compared to young adults. METHODS: We compared Event-Related Potentials (ERPs) and their
source localization in 14 adolescents (11-13 years), 14 young adults (18-25 years), and 14 old adults
(64-79 years) in a prospective memory task that was embedded in a semantic categorization task.
RESULTS: Our data revealed three event-related modulations that differentiate between conditions (i.e.,
ongoing activity and successful intention formation trials) and groups. Source localizations of these
modulations with standardized low-resolution electromagnetic tomography (sLORETA) revealed
compensational activations in adolescents and old adults compared to young adults in successful
intention formation trials: while adolescents showed a higher activation of secondary occipital regions in
the time window of 500-1200 msec with a maximum around 800 msec, old adults activated prefrontal
regions to a greater extent beginning at 700 msec, persisting until 1200 msec and expanding to middle
temporal regions. CONCLUSION: For a successful encoding of intentions adolescents and old adults
recruit more neural generators than young adults. More importantly, the pattern of these compensational
activations is different when comparing adolescents with young adults and old adults with young adults.
These differences are discussed with regard to differential maturational changes in the brain.
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Abstract 
Introduction. Forming an intention is a key aspect of prospective memory, i.e., the ability to 
encode, retain, and later realize an intention with a delay of minutes, hours or days. 
Behavioural and neurophysiological findings from both prospective and retrospective memory 
research suggest that the efficiency of encoding processes is reduced at both ends of the 
lifespan and that neural generators underlying successful encoding might differ in childhood 
and old age. Hence, the present study investigates compensational neural mechanisms during 
the encoding of intentions in adolescents and old adults compared to young adults. Methods. 
We compared Event-Related Potentials (ERPs) and their source localization in 14 adolescents 
(11-13 years), 14 young adults (18-25 years), and 14 old adults (64-79 years) in a prospective 
memory task that was embedded in a semantic categorization task. Results. Our data revealed 
three event-related modulations that differentiate between conditions (i.e., ongoing activity and 
successful intention formation trials) and groups. Source localizations of these modulations 
with sLORETA revealed compensational activations in adolescents and old adults compared to 
young adults in successful intention formation trials: While adolescents showed a higher 
activation of secondary occipital regions in the time window of 500 – 1200 msec with a 
maximum around 800 msec, old adults activated prefrontal regions to a greater extent 
beginning at 700 msec, persisting until 1200 msec and expanding to middle temporal regions. 
Conclusion. For a successful encoding of intentions adolescents and old adults recruit more 
neural generators than young adults. More importantly, the pattern of these compensational 
activations is different when comparing adolescents with young adults and old adults with 
young adults. These differences are discussed with regard to differential maturational changes 
in the brain.  
 
Key words: prospective memory, compensation, lifespan, ERP, sLORETA  
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1. Introduction 
1.1. Intention formation as a prerequisite of prospective memory performance 
The formation of an intention is an essential phase for successful prospective memory 
performance (for two edited volumes see, Brandimonte et al., 1996; Kliegel et al., 2008b). The 
concept of prospective memory refers to the process of forming intentions to execute activities 
in the future and to their subsequent realization as well as to the cognitive skills that support 
the successful completion of this process (Ellis, 1996; Ellis et al., 2008). In fact, prospective 
memory is considered to be a multi-phase process consisting of intention formation, intention 
retention, intention initiation, and intention execution (Zöllig et al., in press; Ellis, 1996). A 
major distinction between prospective and retrospective memory is the fact that in prospective 
memory the initiation of the intention relies on self-initiated retrieval processes (Einstein et al., 
1996). Consequently, during intention formation there are three components that have to be 
encoded: the retrieval criterion, the to-be-performed action, and the decision to act (Ellis, 
1996). As such, the formation of an intention requires not only retrospective memory processes 
(e.g., encoding at which time a particular action has to be performed; Einstein et al., 1992) but 
also executive functions (e.g., planning and coordination of the decision to act; Martin et al., 
2003; Ward et al., 2005).  
The majority of research on prospective memory focuses on specific processes or 
group differences during the phases of initiation and execution of an intention. By comparison, 
surprisingly few studies are available that have targeted different processes or group 
differences during the formation of an intention (for a recent overview see Ellis et al., 2008). 
From a conceptual point of view this is of importance because differences in the realization of 
a delayed intention may critically depend on differences during intention formation. Progress 
in each phase depends on the successful execution of the processes and actions of the previous 
phase. Hence, the effective encoding of the intention is a prerequisite for the successful 
initiation and execution of a prospective task (Ellis et al., 2008).  
The studies that do examine this first phase of prospective memory mainly focus on 
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processes or mechanisms influencing the efficiency of intention formation and, therefore, aim 
at explaining variability in performance (e.g., implementation intentions; Chasteen et al., 2001; 
Einstein et al., 2003; Liu et al., 2004;  or intention superiority effect; Goschke et al., 1993; 
Marsh et al., 1999). Another approach to study intention formation, however, is to focus on 
successful performance and the investigation of its neural correlates. Thus far,  there are only 
two studies that have investigated neural correlates of intention formation using 
electroencephalography (EEG) or Event-Related-Potentials (ERPs; West et al., 2003; West et 
al., 2002). The authors have described a number of characteristic potentials (i.e., late positivity 
complex (LPC), fronto-polar slow wave (FPSW), and temporo-parietal slow wave (TPSW)) 
that differentiate between later successfully realized and later-unrealized intention formation 
trials. However, they could not make any inference on the underlying neural generators as their 
focus lay on topographical analyses.  
Accordingly, the aim of our study is the examination of neural generators underlying 
intentions that were later successfully realized by calculating the anatomical sources during the 
time windows of the previously identified ERPs with sLORETA. Regarding group differences 
this methodological approach has the advantage that specific compensational processes 
underlying the successful encoding of an intention in one group can be measured and 
compared to another group. Here, the term compensation refers to processes enabling a 
successful performance, i.e., intention formation, despite either obvious damage to or reduced 
functioning of brain regions through which these functions are normally mediated (Zöllig et 
al., in press).  
1.2. Differential compensational mechanisms across the lifespan 
Overall, findings suggest that the efficiency of prospective memory develops across 
childhood (for an overview see Kvavilashvili et al., 2008) and declines in later adulthood (for a 
meta-analysis see Henry et al., 2004). The three experimental studies that take a cross-sectional 
lifespan perspective confirm this inverted U-shaped function (Kliegel et al., 2008a; Zöllig et 
al., 2007; Zimmermann et al., 2006). In general, prospective memory researchers focus either 
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on the development of cognitive abilities in childhood or study their changes in old age. The 
goal of the researchers from these two fields is essentially the same as they both try to 
understand the processes rendering cognition different from its most efficient state in young 
adulthood. Nonetheless, researchers from these two disciplines rarely consider whether their 
models of cognitive change can explain development across life periods. More recently, 
Bialystok and Craik (2006) have emphasized that since development in competencies and 
brain structures occurs beyond childhood and throughout adulthood, compensational 
mechanisms underlying a successful performance might change as well.  
In line with this reasoning, we compared adolescents and old adults to the high-
functioning young adults in trials where all three age groups show the same performance, i.e., 
successful intention formation. As described by Bialystok and Craik (2006), young adults 
provided a baseline for the paired comparisons, since it is assumed that the underlying neural 
generators of young adults are fully developed. With this approach we can investigate whether 
the models of compensation, as compared to young adults, are the same in adolescents and old 
adults or whether they differ. Hence, only by the inclusion of three age groups are we able to 
differentiate between three compensational processes: (1) those that are deficit-specific, i.e., 
adolescents and old adults show the same compensational activations compared to young 
adults, (2) those that are late-development-specific, i.e., only old adults show a specific 
compensational pattern compared to young adults, and (3) those that are early-development-
specific, i.e., only adolescents show a specific compensational pattern compared to young 
adults. The resulting knowledge about which specific behavioural and neuronal processes are 
used to circumvent deficiencies in prospective memory in different periods of life will deepen 
our understanding of human cognition in general. 
The rationale for our prediction of age-related differences in neural correlates during 
the formation of an intention rests on two main lines of reasoning deriving (1) from 
prospective and retrospective memory literature and (2) from neuroimaging studies.  
(1) Prospective memory studies have repeatedly demonstrated that old adults make less 
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elaborate plans when encoding a prospective intention than young adults, and that those less 
efficient plans are correlated with old adults’ deficient performance (Kliegel et al., 2000; 
Kliegel et al., 2004). In addition, Kliegel et al. (2007) have recently shown that improving old 
adults’ intention formation may lead to an equal prospective memory performance in young 
and old adults. Thus, the difficulties of old adults in the realization of delayed intentions might, 
at least in part, be due to a reduced strategic encoding capability and suggest age-related 
differences between young and old adults in the neural correlates of intention formation. 
This prediction has been partly confirmed in the only available neurophysiological 
study investigating intention formation in young and old adults (West et al., 2003). West et al. 
found significant age-related differences in late fronto-polar and fronto-temporal slow waves. 
This suggests differences in the neural systems recruited to process intention encoding and 
differences in the time course between the two groups. To the best of our knowledge there is 
no study investigating intention formation across childhood neither with behavioural nor with 
neurophysiological measures.  
In the retrospective memory literature numerous behavioural findings suggest that 
memory impairments in old adults might, to some extent, derive from difficulties in encoding 
the to-be-remembered material (Craik et al., 1982; Light, 1991; for a review see Friedman et 
al., 2007). Craik (1983) suggested that these deficits of old adults may derive from a reduced 
likelihood to spontaneously engage in effective encoding strategies. This is in line with the less 
elaborate planning capabilities of old adults found in prospective memory research and 
corroborates the assumption of reduced encoding capabilities for the formation of prospective 
intentions. However, studies on the developmental effects of encoding across childhood are 
scarce – despite a sound rationale predicting an increase of encoding abilities with age (Bauer, 
2008). This rationale is based on reports of a development of explicit memory functions 
beyond middle childhood (Kail, 2002; Murphy et al., 2003) and on findings reporting that 
older children reach a learning criterion in encoding faster than younger children (for a review 
see Howe et al., 1997).  
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(2) Neuroimaging studies. From a neurophysiological perspective, various regions that 
support the encoding of retrospective memory items (mainly prefrontal cortex (PFC) and 
medial temporal lobe (MTL)) undergo substantial age-related changes across the lifespan 
starting in childhood (Werkle-Bergner et al., 2006). Regarding the PFC, many studies have 
confirmed a late structural development with some aspects not maturing until late adolescence 
or even early adulthood and a relatively early and steady decline beginning in the mid-20s. 
This pattern of change was found for various anatomical measures such as myelination, 
cortical thickness, dendritic and synaptic proliferation, and neurochemical characteristics 
(Sampaio et al., 2001; Sowell et al., 2003; Giedd et al., 1999; Raz et al., 2005; Pfefferbaum et 
al., 1994; Bäckman et al., 2005; Benes, 2001). In contrast, for the MTL studies have shown 
that the medial temporal lobes mature relatively early in childhood (Lenroot et al., 2006; Raz et 
al., 2006) and do not begin to decline until the fifth decade, but then at a considerably faster 
rate (Raz et al., 2005). Accordingly, support for the hypothesis that children and old adults may 
recruit differential compensational processes compared to young adults derives from the fact 
that the functional state of brain regions involved in the task at hand differs substantially across 
the lifespan.  
Consistently, both EEG and neuroimaging studies (mainly with fMRI) have found age-
related differences in neural correlates of successful (retrospective) memory encoding. One of 
the first event-related fMRI studies on this topic was conducted by Morcom et al. (2003). Their 
findings pointed to differences in the PFC and MTL when looking at successful encoding of 
young and old adults: While young adults showed higher activation in the left anterior 
temporal cortex when responding correctly, old adults displayed higher activation in bilateral 
regions of the anterior PFC (BA 10) and in the left supramarginal gyrus. Importantly, though, 
data suggest that the recruited network is the same for both age groups (Kirchhoff et al., 2000; 
Otten et al., 2001a; Wagner et al., 1999; Gutchess et al., 2005); what differs is the activation 
level of different parts of the network in the two age groups as described by Morcom et al. 
(2003). Gutchess et al. (2005) reported comparable findings with pictorial material (Morcom et 
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al. (2003) used verbal material) and Grady et al. (2003) identified differences between young 
and old adults in the connectivity of PFC and MTL using PET. To the best of our knowledge 
no study has examined encoding processes in children using neuroimaging methods.  
Event-related EEG studies established the ‘difference due to subsequent memory 
effect’ (or short ‘DM-effect’, Paller et al., 2002), which implies that the amplitude of electrical 
activity elicited by the to-be-remembered items predicts accuracy in subsequent retrieval – 
with a higher amplitude in later-realized items than later-unrealized items. However, only few 
studies have considered a developmental perspective while looking at changes in the EEG 
signals associated with successful encoding (for two reviews see Friedman et al., 2000a and; 
Friedman et al., 2007; Gutchess et al., 2007). Furthermore, most of them have focused on age 
differences across the adult lifespan (for an exception see Friedman, 1992). Their findings led 
to the conclusion that episodic memory decline in old adults depends more on encoding 
deficiencies than retrieval deficits. Surprisingly, a reliable DM-effect was only found for 
young adults (Friedman et al., 1996). A possible explanation was that old adults may fail to 
spontaneously engage in elaborative encoding strategies as the encoding task was incidental 
(Friedman et al., 2000b). The only lifespan ERP-study on successful encoding used a 
continuous recognition paradigm (Friedman, 1992). The findings indicate that encoding 
difficulties might explain the reduced retrospective memory performance during childhood and 
in old age. They also suggest that children, although they encode the items for subsequent 
retrieval, seem to differ qualitatively in the processes used to encode these items compared to 
young and old adults (different new/old pattern for slow wave activity).  
Hence, the present study aims to investigate differences across the lifespan in 
compensational mechanisms underlying the successful formation of delayed intentions by 
comparing the neural activation patterns of adolescents and old adults to their most efficient 
state in young adulthood. The method used in the present study was an event-related EEG 
design focusing on those intentions that were later successfully realized and the examination of 
the sequence of associated brain dynamics. The main analytical focus lay on the source 
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localization of identified and relevant ERPs using sLORETA.  
1.3. ERPs of the formation of an intention 
In accord with previous research (West et al., 2003; West et al., 2002), three 
modulations of the ERPs were targeted. All three have been shown to differentiate ongoing 
activity trials from intention formation trials: late positivity complex (LPC), frontal slow wave 
(FPSW), and temporo-parietal slow wave (TPSW). Consequently, these modulations were then 
taken as time windows for the source localization with sLORETA. The LPC reflects a 
positivity over the parietal region of the scalp and a negativity over the lateral frontal regions 
with a peak around 600 msec. As described by West et al. (2003), the LPC reflects the P3 that 
is typically elicited by the presentation of a low-probability attention-demanding stimulus 
(Donchin et al., 1988) and reverses polarity over the lateral frontal regions when an average 
reference is used (Spencer et al., 2001). The LPC differentiated later-realized and later-
unrealized intention trials from ongoing activity trials in young and old adults and, hence, 
seems to reflect a neural correlate associated with the perceptual salience of the intention 
formation stimuli (West et al., 2003; West et al., 2002). The FPSW reflects a sustained 
negativity over the frontal-polar region of the scalp and lasts approximately from 500-1000 
msec. For young adults, it showed greater negativity for later-realized intention trials than for 
later-unrealized intention trials and may therefore reflect a neural correlate of the effectiveness 
of intention encoding (West et al., 2002). The TPSW was only identified in one study (West et 
al., 2003) and it reflected a greater positivity for later-realized intention trials than for later-
unrealized intention trials but only in old adults and may thus reflect a neural correlate of the 
effectiveness of intention encoding specifically in this group. The TPSW is detected over 
temporo-parietal regions and lasts approximately from 800-1200 msec.  
1.4. Predictions 
From an electrophysiological perspective, we predict that differences will primarily be 
found in later and longer lasting slow waves (FPSW, TPSW). From a functional perspective, 
we predict that successful encoding in adolescents may be supported to a larger degree by 
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activity in sensory structures and the MTL than it is in young adults. This assumption is based 
on data showing that the PFC matures relatively late across adolescence and may therefore not 
substantially contribute to successful encoding in children (Giedd et al., 1999; Pfefferbaum et 
al., 1994). Hence, other relevant brain regions in the encoding process such as sensory regions 
and MTL, which mature at a considerably faster rate (Giedd et al., 1999; Sowell et al., 2003), 
might compensate this reduced input from the PFC.  
Regarding compensational processes in old adults, we predict a higher activation in 
regions of the PFC during successful encoding of intentions compared to young adults. This 
assumption is based on findings of old adults being more likely to integrate new information 
into their existing body of knowledge by retrieving either semantic or episodic memory content 
(Kliegel et al., 2008a; Werkle-Bergner et al., 2006). Given that retrieval processes during 
encoding involve prefrontal areas (Fletcher et al., 2001; Simons et al., 2003), this would 
predict that PFC activity is more strongly related to successful encoding in old than young 
adults. Moreover, a recent fMRI study on successful picture encoding has shown that frontal 
activations compensate for decreased medial temporal activation in old adults compared to 
young adults (Gutchess et al., 2005). This compensational activation pattern is, furthermore, 
supported by recent fMRI studies consistently identifying a hemispheric asymmetry reduction 
in old adults compared to young adults during memory processes – mainly a higher activation 
in contralateral PFC areas in old adults (the so-called HAROLD model, Cabeza et al., 2002; 
Cabeza, 2002).  
2. Method 
2.1. Participants 
Fourteen adolescents (M = 12.8, SD = 0.6 years; 7 female), 14 younger adults (M = 
22.5, SD = 1.4 years; 7 female), and 14 old adults (M = 70.1, SD = 5.5 years; 7 female) 
participated in the study. The sample as well as the paradigm corresponds to the ones in a 
previous study where the intention retrieval phase with the initiation and execution of delayed 
intentions was explored (Zöllig et al., 2007). The focus of this study is on the neural processes 
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involved in the intention formation phase of prospective memory. Data of one old adult was 
excluded from the analyses due to a high level of artefact in the EEG. All participants were 
right-handed according to their score on the Edinburgh-Handedness-Test (Oldfield, 1971). 
They were in good health and none reported brain injuries, psycho-affective medication, drug 
consumption, or diseases affecting brain function. All participants were native German 
speakers. A standard psychometric testing battery was performed to exclude participants 
scoring one standard deviation or more below age appropriate norms on verbal intelligence, 
psychomotor speed, and memory span. All participants were provided with written and oral 
descriptions of the study before written informed consent was obtained. The experiments were 
conducted in agreement with the declaration of Helsinki.  
2.2. Materials and Procedure 
The prospective memory task followed the structure of the previously used paradigm in 
the study of West et al. (2003), i.e., nature of the ongoing activity and characteristics of the 
intention formation were similar. Additionally, we included the prospective inhibit trials (see 
below). The task consisted of 1200 trials equally divided into six blocks. The presentation time 
for each trial was fixed to four seconds, independent of response times and accuracy of the 
response. The inter-stimulus interval was set to zero milliseconds (i.e., there was no pause or 
blank screen between trials). Each block included 172 ongoing activity trials and eight 
prospective memory sequences consisting of an intention formation trial, a prospective inhibit 
trial, and a prospective execute trial (see below). There were either 6 or 12 ongoing activity 
trials between the intention formation trials, the prospective inhibit trials, and the prospective 
execute trials. The number of ongoing activity trials between the prospective memory trials 
was randomized across blocks and fixed across participants. There were breaks after each 
experimental block lasting from three to five minutes. The overall recording session lasted 
approximately 84 minutes.  
Ongoing task. The ongoing task consisted of a semantic relatedness judgement task. In 
an ongoing activity trial, two words, one above the other, were presented in lowercase letters 
Intention formation across the lifespan 
 12
centred on the vertical and horizontal axis of a computer monitor. The word pairs were 
presented in six different colours (red, green, yellow, blue, grey and magenta). The 
participants’ task was to decide whether the two words belonged to the same (e.g., cat and dog) 
or a different (e.g., table and car) semantic category. They were asked to press the ‘n’-key with 
the right index finger if the words were related and the ‘m’-key with the right middle finger if 
the words were unrelated. Participants were told that we were interested in their verbal ability 
and that they should rate word pairs according to their knowledge or their intuition when 
uncertain.  
The words were taken from the category norms for the German language (Scheithe et 
al., 1995; Mannhaupt, 1983) and included nouns and verbs. The word pairs were generated 
following the procedure of West et al. (2003). Accordingly, words from 50 categories 
excluding names of persons, cities, states, colleges, universities, and members of clergy were 
combined to have the same number of vowels and approximately the same number of 
consonants. Each word appeared twice over the course of the task (i.e., once in a related and 
once in an unrelated pair). The related word pairs were from the same category, whereas the 
unrelated word pairs were formed by randomly re-pairing words across categories.  
Prospective memory task. On intention formation trials in lieu of a word pair, one of 
two possible letter strings (‘cccc’ or ‘vvvv’) were presented either in grey or magenta. The 
participants were instructed to press the corresponding button on the keyboard (‘c’-key with 
the left middle finger and the ‘v’-key with the left index finger) and to remember the colour of 
the letter and the letter itself. Hence, they were to form the intention to press the target key 
when a word pair was presented in the target colour. Extending West et al.’s (2003) procedure 
we included prospective inhibit trials. Prospective inhibit trials represented the first occurrence 
of a word pair in the target colour after the intention formation trial. For these trials, 
participants were to notice the prospective cue, but were required to make a semantic judgment 
and, therefore, to postpone the prospective response. The prospective inhibit trials allowed us 
to examine the frequency of false alarms for those trials that provided an index of the 
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efficiency of the retrospective component of prospective memory. Prospective execute trials 
represented the second time a word pair appeared in the prospective colour. In these trials the 
participants were to make the prospective response.  
One prospective memory sequence is portrayed in Figure 1. In this sequence, 
participants encode one of two possible prospective cues (here: the colour magenta) as well as 
one of two possible prospective actions (here: press the key “v”). This constituted the intention 
formation phase. When, after several ongoing activity trials, a word-pair appeared in the 
previously encoded target colour (e.g., magenta), the participant was supposed to notice this 
event, but to postpone the prospective response. Following several more ongoing activity trials 
a second word-pair appeared in the target colour reflecting the prospective execute trial (e.g., 
magenta) and the prospective response had to be initiated and executed (here: pressing the key 
“v”).  
Before the experimental blocks, participants performed two practice blocks, each 
repeatable until the task was fully understood. The first block followed the instructions for the 
semantic categorization task and included 63 ongoing activity trials. The second block started 
after the prospective memory instructions were explained and consisted of 54 ongoing activity 
trials, and three prospective memory sequences. 
2.3. Recording and analysis of electrophysiological data 
Recording. The electroencephalogram (EEG) was continually recorded while 
participants performed the task. The EEG was amplified with a BrainAmpMR (Brain Products 
GmbH), digitized at 500 Hz, and recorded with a 16 bit A/D converter. During recording, a 
low pass filter (100 Hz) was applied. Both the notch filter and high pass filter were off 
(BrainVision Recorder Software). The EEG was recorded from an array of 32 Ag/AgCl scalp 
electrodes which were placed according to the 10-20 system being sewn into an EasyCap or 
affixed to the skin with an adhesive patch. During recording inter-electrode impedances were 
maintained below 10 kΩ and all electrodes were referenced to electrode FCz. Vertical and 
horizontal eye movements were recorded with electrodes placed below the right and left eyes.  
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Processing. For data analysis, all electrodes were re-referenced to an average reference 
as suggested in the guidelines published by the Society for Psychophysiological Research 
(Picton et al., 2000). The recorded EEG was bandpass-filtered (0.1-30 Hz, time constant 
1.59155s, 48 dB/oct). ERP analysis epochs were extracted off-line and included a 200 msec of 
pre-stimulus baseline and 1200 msec of post-stimulus activity. Ocular artefacts associated with 
blinks, as well as additional eye movements and articulated muscular artefacts were corrected 
using independent component analysis (ICA) software (http://www.puk.unibe.ch/tk2/tk.htm). 
This is a publicly available freeware for the VisionAnalyzer software (Brainproducts GmbH) 
which separates the mixture of independent EEG signals into 30 factors (corresponding to the 
number of electrodes used) by conducting a component analysis. Jung et al. (1998) 
demonstrated that the unwanted artefacts will be contained in one or more components that can 
be removed and that the artefact free EEG can be reconstructed from the remaining 
components. To identify the ocular components we compared the timing and topographical 
distribution of the artefacts in the EEG against that of the independent components. Following 
ocular correction, trials contaminated by remaining artefacts were rejected with the Raw Data 
Inspector (Vision Analyzer software, Brainproducts GmbH).  
ERPs were averaged for the following artefact free trials: (1) Ongoing activity trials, 
trials immediately preceding intention formation trials (adolescents: M = 45.79, SD = 2.36, 
range = 41-48; young adults: M = 47.00, SD = 1.18, range = 45-48; old adults: M = 43.85, SD 
= 3.05, range = 37-48), (2) successful intention formation trials, intention formation trials 
which later elicited a correct prospective response (adolescents: M = 38.79, SD = 3.83, range = 
33-45; young adults: M = 41.71, SD = 4.30, range = 33-46; old adults: M = 30.69, SD = 8.04, 
range = 13-41). ERPs were not averaged for errors given the relatively low number of these 
trials.  
Analysis of mean amplitude. All statistical tests were performed on mean voltages 
averaged over selected electrodes and temporal windows in which modulations of interest were 
observed in previous research (West et al., 2003; West et al., 2002) relative to mean voltage of 
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the 200 msec pre-stimulus baseline activity. The following three event-related potentials 
(ERPs) were considered for analyses of differences in mean amplitude between groups and 
conditions: (1) LPC: late positivity complex between 500-700 msec after stimulus onset, 
recorded at electrodes CP3, CP4, P3, P4, F7, F8, FT7, FT8; (2) FSW: frontal slow wave 
between 500-1000 after stimulus onset, recorded at electrodes Fp1, Fp2; (3) TPSW: temporo-
parietal slow wave between 800-1200 msec after stimulus onset, recorded at electrodes P7, P8, 
TP7, TP8. 
sLORETA analysis. Standardized low-resolution electromagnetic tomography 
(sLORETA) was performed on the basis of the scalp-electrode electric potential distribution 
(Pascual-Marqui, 2002; Pascual-Marqui et al., 1994; Pascual-Marqui, 1999) to localize 
differential neural recruitment between groups and conditions. sLORETA was used to estimate 
the three-dimensional intra-cerebral current density distribution in 6239 voxels with a spatial 
resolution of 5 mm and a voxel volume of 0.125 cm³. The time frames of the evaluated ERPs 
were subjected to an sLORETA analysis. The obtained images were compared on a voxel-wise 
basis for inter-group differences between adolescents and younger adults and between old 
adults and younger adults in ongoing activity trials and successful intention formation trials.  
Three time frames of interest were defined based on the temporal windows of the 
analysed ERPs. The statistical comparisons were conducted using t-tests for independent 
samples corrected for multiple comparisons (Nichols et al., 2002). These patterns of 
descriptive p-values were plotted in statistical probability maps (SPM). sLORETA values were 
transformed logarithmically to achieve normal distribution and were normalized on a subject-
wise basis. This latter transformation multiplies for each individual every single voxel’s 
activity by the inverse of the total sLORETA activity over all voxels and all time frames for 
this subject and serves to avoid a potential confound between the direct between-group 
comparison and the general group differences (i.e., the results from comparing adolescents 
with younger adults with the fact that adolescents as a group display larger amplitudes) 
Hence, the two methods ERP and sLORETA compare different aspects of the data. The 
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former focuses on topographical differences in amplitude between conditions and groups 
recorded at a subgroup of electrodes. The latter calculates the neural generators of the 
topographically recorded electric potential distribution for a defined time window in a three-
dimensional intra-cerebral distribution including information from all recording electrodes.  
Statistical procedure. Results focus on age-related differences in neural recruitment for 
the ongoing activity and successful intention formation trials. Effect size is reported as eta-
squared (η2). Statistical tests were performed using the multivariate F-ratio (repeated-measures 
MANOVA). Pair-wise comparisons, Bonferroni-corrected for multiple comparisons, qualified 
the results in case of a significant main effect of age. The Greenhouse–Geisser correction was 
conducted if sphericity could not be assumed and epsilon (ε) is reported as a value of 
correction.  
3. Results 
3.1. Performance accuracy 
The behavioural data on prospective memory execution (reported in Zöllig et al., 2007) 
demonstrated an inverted U-shaped function with performance increasing from adolescents to 
younger adults and decreasing from young to old adults. General quantitative measures are 
reported in Table 1. Furthermore, examination of error data revealed that processes 
contributing to this variation in performance across the lifespan might be different for 
adolescents and old adults. Whereas adolescents and old adults both seemed to have 
difficulties with the retrospective component of prospective memory compared to young adults 
(i.e., significantly reduced amount of correct prospective executes and higher amount of false 
alarms and wrong prospective responses), only old adults seemed to have a compromised 
prospective component compared to both young adults and adolescents (i.e., significantly 
higher amount of missed prospective responses). Neurophysiological findings (i.e., ERPs, PLS, 
and LORETA) in this phase of intention execution confirmed these findings by revealing 
consistent differential age effects in the processes contributing to a successful execution 
between adolescents and old adults.  
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3.2. Electrophysiological data (ERPs) 
Neural activity associated with the formation of an intention was examined by 
comparing the ERPs elicited on intention formation trials that were later associated with a 
successful realization of the intention and ongoing activity trials immediately preceding 
intention formation trials. Three modulations of ERPs were observed that differentiated 
ongoing activity trials from successful intention formation trials (i.e., LPC, FPSW, TPSW). 
Figure 2 presents the different grand averaged ERPs for the two trials at selected electrode 
locations. The topography of these modulations are portrayed in Figure 3.  
ERP results are presented for each modulation separately beginning with the analyses 
of the effect of condition to examine if electrophysiological responses between ongoing 
activity trials and successful intention formation trials are different. However, the investigation 
of the group x condition interaction and the follow-up comparisons of adolescents’ and old 
adults’ ERP modulations with those of high functioning young adults is of specific interest.  
LPC. According to previous findings (West et al., 2003), the LPC reversed polarity 
from parietal to lateral fronto-temporal regions of the scalp. West et al. (2003) suggested that 
the LPC might reflect the P3 that is typically observed when a low-probability stimulus is 
presented that demands attention (Donchin et al., 1988). This effect reverses polarity over the 
lateral frontal regions when an average reference is used (Spencer et al., 2001). The LPC was 
quantified in a 3(age) x 2(condition) x 2(hemisphere) x 4(electrodes: CP3-CP4, P3-P4, F7-F8, 
FT7-FT9)-MANOVA. Consistent with the reversing of polarity, the interaction of condition x 
electrode was significant (F(1.6,51.49) = 310.50 (ε = .45), p = .000, η2 = .89). Also significant 
was the age x condition x electrode interaction (F(2.7,51.49) = 66.66 (ε = .45), p = .000, η2 = 
.78). This interaction was followed up by age x condition analyses for parietal (CP3-CP4, P3-
P4) and lateral frontal regions (F7-F8, FT7-FT8) separately.  
The ERP modulation for the parietal electrodes revealed a significant main effect of 
condition (F(1,38) = 359.68, p = .000, η2 = .90), with a higher amplitude in successful intention 
formation trials compared to ongoing activity trials. Follow-up analyses conducted for each 
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group separately revealed that this difference between conditions was significant in all three 
age groups (adolescents: p = .000, young adults: p = .000, old adults: p = .000). Furthermore, 
there was a significant interaction of age x condition (F(2,38) = 68.38, p = .000, η2 = .78). 
Follow-up analyses of this interaction for each condition separately revealed that all three age 
groups showed a similar amplitude in ongoing activity trials (no main effect of age, F(2,38) = 
.81, p = .45, η2 = .04; adolescents = 1.44 mV, young adults = 1.17 mV, old adults = .70 mV). 
By contrast, there was an age effect in successful intention formation trials (F(2,38) = 51.94, p 
= .000, η2 = .73), with the amplitude of adolescents clearly elevated (11.05 mV) compared to 
young (p = .000, 4.79 mV) and old adults (p = .000, 2.98 mV). The amplitude difference 
between the latter two reached a trend level (p = .091).  
The ERP modulation for the frontal electrodes revealed a significant main effect of 
condition (F(1,38) = 199.77, p =  .000, η2 = .84), again with a higher amplitude in successful 
intention formation trials compared to ongoing activity trials. Follow-up analyses for each 
group separately revealed that this difference between conditions was significant in all three 
age groups (adolescents: p = .000, young adults: p = .000, old adults: p = .001). Furthermore, 
there was a significant interaction of age x condition (F(2,38) = 44.78, p = .000, η2 = .70) that 
showed a similar picture as for the parietal electrodes. Follow-up analyses of this interaction 
for each condition separately revealed that all three age groups showed a similar amplitude in 
ongoing activity trials (no main effect of age, F(2,38) = 1.60, p = .22, η2 = .08; adolescents = -
.83 mV, young adults = .06 mV, old adults = .08 mV). By contrast, there was an age effect in 
successful intention formation trials (F(2,38) = 52.46, p = .000, η2 = .73) with the amplitude of 
adolescents significantly higher (-9.08 mV) than that of young (p = .000, -3.10 mV) and old 
adults (p = .000, -1.41 mV). Again the amplitude between the latter two reached a trend level 
(p = .097). 
FPSW. The FPSW was quantified in a 3(age) x 2(condition) x 2(hemisphere) 
MANOVA including Fp1 and Fp2. This ERP modulation showed a significant main effect of 
condition (F(1,38) = 115.28, p = .000, η2 = .75), with a higher amplitude in successful intention 
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formation trials compared to ongoing activity trials. Follow-up analyses for each group 
separately revealed that this difference between conditions was only significant in adolescents 
(p = .000) and young adults (p = .000), but not in old adults (p = .106). Furthermore, there was 
a significant interaction of condition x age (F(2,38) = 30.68, p = .000, η2 = .62), revealing 
again no main effect of age in the amplitude in ongoing activity trials (F(2,38) = 2.17, p = .128, 
η
2
 = .10; adolescents = -1.78 mV, young adults = -1.03 mV, old adults = -.29 mV). However, 
there was a significant age effect in successful intention formation trials (F(2,38) = 40.88, p = 
.000, η2 = .68), showing a higher amplitude in adolescents (-8.95 mV) compared to young 
adults (p = .000, -3.44 mV) and old adults (p = .000, -1.42 mV) with the latter two differing at 
a trend level (p = .064). 
TPSW. The TPSW was quantified in a 3(age) x 2(condition) x 2(hemisphere) x 
2(electrodes: P7-P8, TP7-TP8) MANOVA. This ERP modulation revealed a significant 
condition x age interaction (F(2,38) = 10.95, p = .000, η2 = .37). The follow-up of this 
interaction in separate analyses for each group revealed that only adolescents showed a 
significant difference between conditions (F(1.13) = 12.98, p = .003, η2 = 0.50), with a smaller 
amplitude in ongoing trials (.66 mV) compared to successful intention formation trials (-1.96 
mV). There was a trend for young adults (F(1.13) = 4.64, p = .051, η2 = 0.26) but with the 
opposite pattern (ongoing: -.40 mV, intention: .48 mV). In old adults the conditions did not 
differ significantly (F(1.12) = .76, p = .40, η2 = 0.06; ongoing: -.09 mV, intention: .41 mV).  
3.2. Source localization with sLORETA 
We performed source localization to investigate age-related differences in neural 
recruitment associated with successful intention formation. By including the source 
localization of ongoing activity trials, we can differentiate between general and condition-
specific activation differences between groups. The source localization for younger adults 
provided a baseline for the paired comparisons, since it is assumed that the underlying neural 
generators of young adults are fully developed. Accordingly, results are presented as 
differential activations of adolescents and old adults both compared to those of the high 
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functioning young adults.  
The statistical probability maps from the sLORETA analyses are displayed in Figure 
4a.-c.. Local maxima of inter-group differences in the three-dimensional current density 
distribution for ongoing activity and successful intention formation trials are shown for the 
time windows of the three ERP components. Table 2 summarizes the brain regions that 
demonstrated differential activation of adolescents and old adults compared to young adults 
and includes X, Y, Z-MNI coordinates and the t-value at the local maxima for the two 
conditions.  
LPC time frame. In the time window of the LPC there were mainly differences between 
adolescents compared to young adults. Most interestingly, adolescents showed a higher 
activation of occipital regions (more pronounced in the right hemisphere) compared to young 
adults in successful intention formation trials. This activation difference was not present in 
ongoing activity trials. This suggests that adolescents needed to activate occipital regions more 
strongly than young adults specifically in intention formation trials during the time window of 
the LPC in order to later successfully realize the intention.  
FPSW time frame. The same pattern was found during the time window of the FPSW 
with adolescents displaying a higher activation of mainly right occipital regions in successful 
intention formation trials compared to young adults. Again this pattern was not present in 
ongoing activity trials. On the other hand, old adults specifically recruited right prefrontal areas 
to a greater extent than young adults in order to later correctly realize the intention.  
TPSW time frame. These activations persisted more or less during the entire time 
window of the TPSW. However, the differences between adolescents and young adults became 
smaller in successful intention formation trials in right occipital regions. The activation 
differences between old and young adults in right prefrontal areas persisted and, furthermore, 
expanded to right middle and superior temporal regions.  
Moreover, old adults showed a persistently reduced activation in posterior regions of 
the cingulum during ongoing activity trials beginning at 500 msec. This might suggest a 
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reduced general readiness and preparation for action in old compared to young adults 
(Cunnington et al., 2006).  
4. Discussion 
The aim of the present paper was the investigation of differential compensational 
mechanisms in adolescents and old adults compared to young adults in the formation of 
intentions that are later successfully realized. By considering a lifespan perspective and the 
specific behavioural and neuronal processes used to circumvent deficiencies in different age 
groups we try to bridge the gap between researchers focusing on either early or late 
development (Bialystok et al., 2006). Therefore, our aim is to understand whether the same 
models of cognitive change can explain development across different life periods or whether 
different processes and mechanisms contribute to cognitive performance across the lifespan.  
We compared the neural generators of adolescents and old adults to their most efficient 
state in young adulthood during the successful formation of an intention. We applied an event-
related EEG design to identify time frames of interest for the source localization based on 
relevant ERPs. Hence, by utilising the high temporal resolution of EEG for the source 
localization, we were able to examine the sequence of brain dynamics associated with the 
successful intention formation. Accordingly, the main analytical focus was on the 
identification of compensational mechanisms with sLORETA in adolescents and old adults 
compared to the high-functioning young adults.  
For adolescents, we predicted that the successful formation of an intention would 
depend to a larger degree on activity in sensory structures and the MTL than in young adults as 
these regions might compensate for the slowly maturing prefrontal areas across adolescence. 
For old adults, we predicted that regions of the PFC would show a higher activation than in 
young adults. First, this was expected because old adults may be more likely to integrate new 
information into their existing body of knowledge by retrieving either semantic or episodic 
memory content which is managed by prefrontal regions. Second, this is because recent 
neuroimaging studies have shown that old adults increase their overall engagement of frontal 
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regions compared to young adults during retrospective memory encoding.   
The following discussion briefly addresses the identified ERPs and age differences in 
the mean amplitude before elaborating on the main question of age-related neural 
compensational differences during these time windows.  
4.1. ERPs as relevant time frames during intention formation 
We identified three ERPs of interest that differed between ongoing activity and 
successful intention formation trials with a consistently higher amplitude in the latter 
condition. This suggests that all three ERPs reflect neural correlates of those processes 
supporting the encoding of intentions. (1) The LPC reflected a positivity over parietal regions 
of the scalp and a reversed polarity over lateral fronto-temporal regions lasting from 500 – 700 
msec. The amplitudes of all three age groups were similar in ongoing activity trials, but 
differed significantly in intention formation trials. These selective differences between 
adolescents, young adults, and old adults might indicate that they adopt different intention 
encoding strategies that possibly result in the recruitment of different neural processes.  
(2) The FPSW reflected a sustained negativity over the fronto-polar region beginning at 
500 msec and lasting for several hundred milliseconds. Separate group analyses revealed that 
only adolescents and young adults had a significant difference between ongoing activity and 
successful intention formation trials. This suggests that the FPSW reflects a neural correlate of 
encoding processes only in adolescents and young adults but not in old adults. This is 
consistent with previous research (West et al., 2003) that found no main effect of condition in 
old adults.  
(3) The TPSW in young and old adults reflected a sustained positivity over the 
temporo-parietal region beginning at 800 msec and lasting for the remainder of the ERP. In 
adolescents, the TPSW reversed polarity and reflected a sustained negativity differentiating 
between ongoing activity and successful intention formation trials. Separate group analyses 
revealed that only adolescents had a significant difference between ongoing activity and 
successful intention formation trials. Hence, this seems to suggest that the TPSW reflects only 
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in adolescents a neural correlate of encoding processes but not in young and old adults. This is 
only partially in line with previous research having reported no main effect of condition for 
young but a significant effect for old adults (West et al., 2003). However, West et al. found this 
effect only when comparing later-realized and later-unrealized intention formation trials.  
4.2. Age-related compensational processes  
During the time window of the LPC, there were hardly any differences in neural 
activation between old and young adults. This suggests that similar processes are going on in 
these two age groups starting at 500 msec and lasting for at least 200 msec. Adolescents, 
however, displayed a clearly higher bilateral activation in the cuneus (maximum in the left 
hemisphere) in successful intention formation trials compared to young adults in this time 
window. This activation difference between adolescents and young adults in the cuneus was 
intensified during the time window of the FPSW (maxima in the right hemisphere) and 
expanded to middle occipital regions. It then declined during the time window of the TPSW, 
but was still significant in the right cuneus. In ongoing activity trials, there were hardly any 
differences in neural activation between adolescents and young adults for all time frames. 
Activation differences for old adults compared to young adults arose during the time windows 
of the FPSW and TPSW. Old adults showed a significantly higher activation in the right 
superior frontal gyrus compared to young adults in successful intention formation trials. This 
activation was expanded to right middle and superior temporal regions during the time window 
of the TPSW.  
Compensational processes in adolescents. In line with our predictions, results suggest 
that adolescents needed to recruit occipital regions to a greater extent than young adults to 
successfully encode an intention that is later correctly realized. This difference in activation 
began at around 500 msec with a maximum in the left hemisphere, then got stronger over the 
next several hundred milliseconds with a maximum in the right hemisphere and declined in the 
time period up to 1200 msec. A higher activation in occipital regions during (successful) 
encoding was previously associated with a higher level of visual attention (Morcom et al., 
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2003) and an increase in the perception and manipulation of visuospatial information (Hofer et 
al., 2007). Similar regions (BA 37, 19) have been found when participants maintained images 
of objects in working memory and intentionally encoded objects (Cabeza et al., 2000). 
Therefore, when adolescents allocate more visual attention to the stimulus during encoding 
than young adults they may be able to encode the intention successfully. Another explanation 
may be that adolescents, more than young adults, rely on encoding strategies based on the 
physical appearance rather than the semantic content of the stimuli (e.g., involving visual or 
phonological processing). This explanation is consistent with findings from studies reporting a 
DM-effect in parietal and occipital cortex in non-semantic encoding tasks (e.g., syllable count, 
Otten et al., 2001b; Davachi et al., 2001). Accordingly, given that this occipital activation 
emerged relatively late (starting at 500 msec), it seems likely that it not only reflects bottom-up 
processes (early visual processing being sensitive to sensory properties), but also top-down 
processes which might be modulated by PFC regions (general attentional effects and mnestic 
representations; Hopfinger et al., 2000; Kim et al., 2007). This is in line with our previous 
assumption of adolescents compensating the limited input from prefrontal regions during 
encoding with stronger activation in higher sensory regions.  
Compensational processes in old adults. Consistent with our predictions, old adults 
displayed a higher activation compared to young adults that began in the right superior frontal 
gyrus after about 700 msec and expanded to right middle and superior temporal regions lasting 
up to the end of the measuring point (1200 msec). Research in retrospective memory suggests 
that lateral prefrontal regions support encoding by general executive and working memory 
processes. Such processes are for example the selection, handling, and organisation of parts of 
the episode to optimize encoding or the generation of goal-directed signals that modulate 
processes in posterior sensory and association areas (Fletcher et al., 2001; Duncan et al., 2000; 
Lee et al., 2000). This is in accordance with previous research using event-related fMRI 
reporting higher activation in the anterior prefrontal cortex during encoding that predicted later 
successful retrieval (Morcom et al., 2003; Rypma et al., 2003). It seems therefore, that old 
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adults, in order to correctly realize an intention, needed to recruit more frontal resources during 
the encoding of the intention. This is in line with our assumption that old adults would be more 
likely to integrate new information into their existing body of knowledge by retrieving memory 
content through activation of the PFC. Furthermore, this hypothesis seems to be supported by 
the late activation of the right middle temporal gyrus (MTG) of old compared to young adults. 
This region was recently associated with the storage of semantic knowledge and the effort of 
semantic retrieval (Badre et al., 2005; Staresina et al., 2006). It might therefore be possible that 
the higher activation of old adults first in the PFC followed by the MTG reflects the integration 
of to-be remembered material into existing representations through the retrieval of semantic 
knowledge.  
Overall, our data support the hypothesis that differential compensational mechanisms 
support the formation of a later successfully realized intention in adolescents and old adults 
compared to young adults. This finding suggests that models of cognitive compensational 
mechanisms cannot simply be applied to development across the entire lifespan but need to be 
considered separately for childhood and old age. As such they are not merely deficit-specific 
and future research should establish models about characteristic compensational mechanisms 
at both ends of the lifespan, i.e., being specific for either early or late development. This 
assessment of similarities and differences in the specific behavioural and neuronal mechanisms 
used to circumvent deficiencies in different periods of life will substantially deepen our 
understanding of the development of human cognition (Bialystok et al., 2006).  
4.3. Limitations and future directions 
Our paradigm is based on the analyses of intention encoding as one mechanism. 
However, the formation of an intention in prospective memory research consists of three 
different components: (1) a to-be-remembered action, (2) a situation or time point when this 
action should be performed (prospective cue), and (3) the encoding of the intent itself (Ellis et 
al., 2008; Ellis, 1996). During the intention retrieval phase, different processes are associated 
with the three components. Hence, it seems conceivable that differential mechanisms are 
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already active during the initial encoding. The paradigm we used does not take this possibility 
into account. Future research should therefore focus on this distinction by separating the three 
components of an intention in consecutive encoding situations. 
A possible limitation for the interpretation of electrophysiological results arises from 
the repetition of prospective cues with 48 prospective memory sequences overall. It is possible 
that the first intention formation trials did not trigger the same processes as the last intention 
formation trials. As a result, different neural processes may have been involved in the later 
blocks of the experimental procedure. Furthermore, these changes across blocks or trials may 
differ within and between individuals. Hence, future research should focus on the examination 
of (intra-) individual differences in intention formation across blocks (or trials) by using 
within-subjects analysis over time, with a large number of participants to enable stable signals 
even with fewer trials.  
5. Conclusions 
This study combined ERP and source localization methods to provide new insights into 
the temporal dynamics and neural correlates underlying the successful formation of an 
intention across the lifespan. Our data revealed three ERP components differentiating between 
intention formation and ongoing activity trials. Source localization of these ERP components 
revealed an increased activity in frontal and later in temporal regions in old compared to young 
adults whereas adolescents showed an increased activity in occipital and parietal regions 
compared to young adults. Together our data emphasize the hypothesis that differential 
compensational mechanisms support the formation of a later successfully realized intention in 
adolescents and old adults compared to young adults.  
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Mean accuracy for adolescents (Ad), young adults (YA), and old adults (OA) presented at 
proportions (in %). (Note: OAc = ongoing activity, PI = prospective inhibit, PE = 
prospective execute) 
  Age 
  Ad YA OA 
OAc correct  M (SD) 70.0 (7.0) 84.0 (4.6) 82.0 (7.3) 
PI correct M (SD) 88.0 (5.5) 96.1 (3.8) 88.3 (9.6) 
PI prosp. false alarms M (SD) 5.6 (4.6) 2.9 (2.9) 6.3 (4.6) 
PI no response M (SD) 6.4 (4.6) 1.0 (1.4) 5.4 (7.4) 
PE correct M (SD) 84.1 (6.6) 90.6 (7.6) 71.5 (14.2) 
PE wrong prosp. response M (SD) 4.0 (3.2) 1.7 (2.3) 4.9 (5.1) 
PE misses (OAc response) M (SD) 10.3 (5.1) 6.8 (5.8) 19.9 (12.0) 
PE no response M (SD) 1.6 (1.7) 0.9 (1.3) 3.7 (3.8) 
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Table 2.  
Local maxima in current density differences between adolescents (Ad) and young adults (YA), 
and between old adults (OA) and young adults calculated with standardized low-resolution 
electromagnetic tomography (sLORETA). The exact coordinates are given for the global 
maxima in each respective comparison. (Note: positive t-values report more and negative t-
values less activation for Ad respectively OA compared to YA) 
 
Trial Comparison Brain region HS MNI coordinates tX, Y, Z 
      X Y Z  
Ongoing activity       
LPC Ad vs. YA Inferior parietal lobe (BA 40) R 40 -35 45 4.73 
 OA vs. YA Precuneus (BA 39, 19) L -40 -70 35 -4.73 
FPSW Ad vs. YA 
 
Postcentral gyrus (BA 2), Inferior 












OA vs. YA 
 
 
Posterior cingulate (BA 23, 30, 31) 
Precuneus (BA 19), Superior parietal 
















TPSW Ad vs. YA Postcentral gyrus (BA 2, 40) R 40 -35 65 4.77 
 
OA vs. YA 
 
Posterior cingulate (BA 23, 30, 29, 31) 











Successful intention formation 
LPC Ad vs. YA Cuneus (BA 18, 19, 17) M -5 -100 20 4.68* 
 OA vs. YA Cingulate gyrus (BA 24, 32, 33) M 5 0 30 -4.68* 
FPSW Ad vs. YA 
 
Middle occipital gyrus (BA 18, 19), 











 OA vs. YA Superior frontal gyrus (BA 10, 11) R 30 60 -5 4.74* 
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Trial Comparison Brain region HS MNI coordinates tX, Y, Z 
    X Y Z  
TPSW Ad vs. YA 
 
Inferior occipital gyrus (BA 18, 17), 











 OA vs. YA Superior and middle frontal gyrus (BA 
11, 10) 






















BA = Brodmann area; HS = hemisphere; M = midline, B = bilateral; L = left; R = right. *p < .05.  
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Figure Captions 
Figure 1. Illustration of the prospective memory paradigm used in the present study. Displayed 
is one prospective memory sequence consisting of an intention formation, a prospective 
inhibit and a prospective execute trial. In between these trials either 6 or 12 ongoing 
activity trials must be executed. Each trial was displayed for a fixed time of 4 sec with no 
pause or blank screen between trials. 
Figure 2. Grand-averaged event-related brain potentials at selected electrodes demonstrating 
the LPC (parietal and frontal), the FPSW, and the TPSW for ongoing activity and 
successful intention formation trials in all three age groups. (Note: the data are displayed 
with a 10 Hz low-pass filter) 
Figure 3. Topographical maps of adolescents, young adults, and old adults representing 
differences between successful intention formation trials and ongoing activity trials 
during the time windows that were used for analyses of the ERPs. Note the different 
scaling to illustrate the topographical distribution.  
Figure 4. Statistical probability maps (SPM) of the source localization with sLORETA for 
successful intention formation trials and ongoing activity trials. Illustrated are activation 
differences between adolescents / young adults and old adults / young adults. Results are 
significant at the p < .05 level (blue colour = significantly lower current density, red 
colour = higher current density). 
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